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Introduction
Value added tax (VAT) is one of the most important taxes in the Czech Republic, as well as in the rest of the developed world. The impact of VAT changes depends on the microeconomic behaviour of the consumers and my objective here is to shed more light on the behavioural responses of Czech consumers to tax rate changes.
A rigorous analysis of impact is particularly pertinent in the Czech Republic since the value added tax rates have recently gone through important changes. They were, respectively, 10% and 20% in 2011, 14% and 20% in 2012 , and -after a last-minute change from the previously approved unification of rates at 17.5% -a one percentage point increase in both rates to 15% and 21% in 2013.
The existing impact evaluations of these VAT reforms have, at best, made use of microeconomic data and first order approximations such as Dušek & Janský (2012a) and Dušek & Janský (2012b) . However, these studies used a static micro-simulation with no behavioural response and did not properly account for the potential for consumers to substitute goods as relative prices change, as discussed by Banks et al. (1996) . In the case of VAT rate increases, this might cause over-estimation of the effects of VAT rate increases on government revenues.
For a more rigorous analysis it is useful to have detailed knowledge of consumers' individual preferences about which, however, information is not readily available. So as a first step, this paper derives second order approximations which do not display systematic biases as shown in Banks et al. (1996) , but which, in contrast to first order approximations, require knowledge of the elasticities. Specifically, I estimate the Quadratic Almost Ideal Demand System (QUAIDS) as developed by Banks et al. (1997) .
The QUAIDS model was previously estimated for the Czech Republic by Dybczak et al. (2010) to derive elasticities and analyse the impact of regulated price changes on consumer demand. The QUAIDS model has also been applied in the analysis of VAT reforms in the UK by Crawford et al. (2010) or Mexico by Abramovsky et al. (2012) . Therefore, to the best of my knowledge, this is the second QUAIDS model for the Czech Republic, and the first QUAIDS model built specifically for the analysis of tax policy in the Czech Republic.
The model employs household expenditure and demographic data from the Household Budget Survey (HBS) and price data from the Consumer Price Index (CPI), both from the Czech Statistical Office (CZSO). This demand system differs from the existing models for the Czech Republic in terms of the consumer price information used. Regarding prices, I rely solely on the CPI, rather than on the HBS.
I have chosen to classify expenditure in order that it reflects not only functional groupings (e.g. food, clothes) but also identifies goods and services that incur different rates of VAT. I thus apply an approach similar to Abramovsky et al. (2012) , who pioneered the use of QUAIDS to analyse the impacts of VAT changes. The estimated price and income elasticities appear plausible in magnitude and sign. For instance, food is found to be a necessity while eating out is found to be a luxury. Strong luxuries include transport and recreation and household goods. This categorization and these estimates of elasticities, together with a simple microeconomic simulator, enable me to estimate how consumers respond to changes in VAT rates and the implications for consumers' spending patterns, quantity demanded and government tax revenues.
I then use this model to simulate the recent VAT reforms. In line with Banks et al. (1996) and similarly to previous research by Crawford et al. (2010) or Abramovsky et al. (2012) , I find that for the Czech Republic too, allowing for behavioural response makes a difference to estimates of the tax revenues, which are lower in comparison to the estimates produced by a first order approximation holding behaviour fixed, specifically the static micro-simulation model that did not allow for any behavioural response and held the quantity of purchases fixed (nominal rise or fall of expenditures in line with the rise or fall in VAT rates).
The layout of the paper is as follows. Section 2 provides a brief literature review. In section 3, I discuss methodology including the theoretical consumer demand model. In the Appendix I show the derivation of the formulae for the estimation of elasticities. In section 3 I further describe the data and explain the simulation of the model. Section 4 presents the results especially in the form of the estimated elasticities. Section 5 discusses the application of the model's results to the evaluation of recent changes in VAT rates. It also shows the impact of these on households and government revenues. Section 6 provides a conclusion.
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Literature review
The literature on consumer demand and VAT is quite large and I will therefore focus on only three areas. First, I briefly introduce the most important contributions to demand system estimation. Second, I discuss existing articles that estimate demand systems for the Czech Republic. Third, I provide an overview of the literature on the impacts of VAT in the Czech Republic. Stone (1954) first pioneered the estimation of a demand system based on consumer preferences theory; specifically, he estimated linear expenditure systems as developed by Klein & Rubin (1947) . A number of improvements have been elaborated and proposed over the decades. One demand system that is often estimated nowadays is the Almost Ideal Demand System (AIDS) developed by Deaton & Muellbauer (1980) . The Quadratic Almost Ideal Demand System (QUAIDS), developed by Banks et al. (1997) , is essentially a version of AIDS that allows Engel curves to be quadratic. Furthermore, Poi (2002) and Poi (2008) are useful introductions to estimating QUAIDS using the STATA software, as I do here. Recent applications of the QUAIDS model similar to this paper are Crawford et al. (2010) , who present estimates of impact of a hypothetical unification of VAT rates in the UK and also discuss the implications of VAT for labour market participation based on UK data, and Abramovsky et al. (2012) , who evaluate Mexican tax reform.
Second, demand systems have recently been estimated for the Czech Republic most notably in two research papers. Using the AIDS in a modification by Edgerton (1996) , Janda et al. (2010) estimated elasticities focusing on alcoholic beverages and found, for example, a very low own-price elasticity of demand for beer. Dybczak et al. (2010) were the first to estimate the QUAIDS for the Czech Republic, and divide expenditure into eight categories -food, clothing, energy, house, health, transport, education and other -that do not, however, align with VAT rates (as do the categories used in this paper). They estimated own-and cross-price and income elasticities and used them to analyse the impact of changes in regulated prices on consumer demand. In addition, a number of studies such as Dubovicka et al. (1997) or Janda et al. (2000) have focused on estimating Czech food demand elasticities using flexible function forms, to which both AIDS and QUAIDS also belong. Last, but not least, Crawford et al. (2004) developed a new method for the estimation of price reactions, and applied it to the Czech data. By estimating the QUAIDS model with the most recent data and for the purposes of indirect tax policy analysis, I contribute to the existing literature on demand system estimation in the Czech Republic, most notably Dybczak et al. (2010) .
Third, by way of a short overview of VAT in the Czech Republic and related literature: the Czech Republic introduced VAT in 1993, and it applies to most household expenditures at one of its two rates. In recent years these rates have been, respectively, 10% and 20% in 2011, 14% and 20% in 2012 , and in 2013 -after a last-minute change from the previously approved unification of rates at 17.5% -the government increased both its reduced and standard rates by one percentage point to 15 % and 21 %, respectively. VAT and its changes in the Czech Republic have been studied by Schneider (2004) , who analysed the tax burden of households and found VAT to be relatively regressive, and more recently by Klazar et al. (2006) , who use a micro simulation model to estimate incidence of taxes, but without the use of elasticities, and by Klazar et al. (2007) , who focused on the impact of EU-accession related harmonisation of VAT rates. Klazar & Slintáková (2010) studied VAT in the Czech Republic and its impact on households, and found VAT to be regressive when annual income is analysed, although their lifetime income analysis indicated that VAT is progressive.
Most recently Dušek & Janský (2012a) and Dušek & Janský (2012b) used a simple static micro-simulator -without using a demand system and accounting for behavioural response to VAT changes as I do in this paper -to provide the first independent estimates of the impact of the recently proposed VAT rates changes in the Czech Republic on the living standards of households as well as on the government's tax revenues. One objective of this paper is to compare the results of analysis of these VAT reforms according to whether behavioural change is taken into account or not. By accounting for behavioural response in tax policy analysis and showing the differences in the result when compared with static microsimulation methodology that holds fixed the quantity of goods and services purchased, I contribute to the existing literature on simulation of VAT reforms in the Czech Republic Dušek & Janský (2012a) and Dušek & Janský (2012b) .
Methodology
I estimate the demand system according to the Quadratic Almost Ideal Demand System (QUAIDS) form developed in Banks et al. (1997) and I further use this for indirect tax policy analysis, as proposed by Banks et al. (1996) and applied in Crawford et al. (2010) or Abramovsky et al. (2012) . The QUAIDS model allows me to take consumers' substitution responses into account when relative prices change due to VAT reforms, and is the first such model built in the Czech Republic specifically for the analysis of tax policy.
QUAIDS
The model is based on an indirect utility function from which the shares of expenditure on various goods and services categories are derived, and these are then updated with demographic characteristics. Similarly to the only QUAIDS previously estimated for the Czech Republic by Dybczak et al. (2010) , demand depends not only on prices and incomes, but also on other household characteristics such as the size of the household or the employment status or age of the household's head. It is estimated by seemingly unrelated regression equations with parameter restrictions such that the estimated demand system satisfies the conditions of adding-up, homogeneity, symmetry and negativity (negative semidefiniteness). 1 The QUAIDS model is a generalization of Almost Ideal Demand System (AIDS) model that allows for quadratic Engel curves. The QUAIDS can therefore allow a good to be a luxury at one level of income and a necessity at another, a property that Banks et al. (1997) found to be of empirical relevance for the UK and they also showed that it is sufficient for the nonlinear term to be a quadratic in log income. 2 Here I briefly introduce the QUAIDS model, essentially as developed and presented by Banks et al. (1997) , but I do so in a more complete way, including the derivation of the elasticities, in the Appendix. The QUAIDS model is based on the following indirect utility This was documented for the Czech Republic by Dybczak et al. (2010) . 3 Where x is total expenditure, p stands for prices, , , and are defined as: : 1 The model does not allow for positive or negative externalities from expenditure on certain goods and this assumption of no externalities is a limitation on the usefulness of QUAIDS when looking at the effects of excise duties on goods with negative externalities such as fuel or tobacco. 2 Some studies identified the importance of further terms in income for some, but not all, expenditure share equations before Banks et al. (1997) , see for example Atkinson et al. (1990) or Blundell et al. (1993) and also Banks et al. (1997) for further discussion and references. 3 The same indirect utility function defines the AIDS model, but with the term set to zero.
6 where i=1,..., n denotes a good, is the translog price aggregator function, and is defined as the simple Cobb-Douglas price aggregator. Applying Roy's identity to the equation for , I have the following equations for , the share of expenditure on good i in total expenditure for each household:
These equations are the subject of the estimation by seemingly unrelated regression equations.
Data
To estimate the QUAIDS model I employ the best available data for the Czech Republic in the form of two datasets from the Czech Statistical Office (CZSO). The Household Budget Survey (HBS) is a representative sample collected on a yearly basis of around 3000 Czech households. 4 For each of them, the HBS contains information on how much they spend on various goods and services (around 250 expenditure items), who they are (around 60 demographic variables) and how they earn their income (around 30 income items). 5 The HBS has been applied to the estimation of demand systems by both Janda et al. (2010) and Dybczak et al. (2010) and it was also used by Crawford et al. (2004) . 6 4 The CZSO gathered the HBS data in such a way that only the data for the period 2006-2011 can be considered, after applying the supplied weights, to be representative of for the overall Czech population, however as some preliminary robustness checks did not find significant differences between the two periods and since Dybczak et al. (2010) showed the same, I conclude that there is no significant risk in using the data for the longer period for the purpose of estimating a demand system. Still, some concerns remain and although treatment of the potential problems of this nature is largely beyond the scope of this paper, let me briefly review them. The CZSO was criticized for failing to provide the full HBS dataset to European Union representatives (Eurostat 2009 ). Furthermore, as Crawford & Smith (2002) discuss, systematic over-or under-reporting of expenditures can occur in this type of data collection, due to forgetfulness (e.g., consumption outside the home), active concealment (e.g., receipt from a beauty studio), and guilt (e.g., cigarettes). This kind of problems is also discussed in Svátková (2006) and Klazar et al. (2006) In terms of the years , 7 there is a trade-off between the amount of data and its quality and consistency; I solve this by using 11 years. I employ data for the period between 2001 and 2011. 7 I use CZSO price data, gathered for the purpose of the Consumer Price Index (CPI), that is classified into around 150 categories according to the classification of individual consumption by purpose (COICOP).
Therefore I have data from around 33000 households in total and I assume this to be a representative sample for the Czech Republic.
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I rely on the CPI as the sole source of price information; this is in contrast to both Janda et al. (2010) and Dybczak et al. (2010) , who used the HBS not only as a source of expenditure information, but also as a source of price information. Specifically, they divided the expenditures by the quantity of purchased goods and services. In this way they derived unit values, and used these as prices. Their approach has some advantages of relatively easily obtaining expenditure-and household-specific prices and of having these in a very detailed form, i.e. as detailed as the HBS expenditure data, which might improve precision of elasticity estimates. But it can in some cases be inaccurate, and another drawback is that the HBS data for the quantity of purchased goods and services is incomplete.
The price information is available for the Czech Republic as a whole, and also separately for the capital city of Prague.
There is an obvious trade-off between these two sources of price information and there are three main reasons why I opt to use the CPI as my source of prices. First, differences in unit values can be caused by product quality differences, rather than by the price differences that I aim to study. With these unit values it is almost impossible to distinguish between the influence of changes in price and in quality, since risk observed price variation may instead reflect variations in quality. By using the CPI data, I limit the extent of this problem. Second, the HBS only includes information on the quantity of purchased goods and services for a limited number of expenditure items. Unit values can thus only be constructed for those goods for which quantity information is available. Therefore if I used the HBS data for prices, I would need to limit my analysis to a small subset of overall expenditures, as Janda et al. (2010) did, or alternatively fill in the HBS unit values whenever these are not available using the CPI prices, as was done by Dybczak et al. (2010) . In contrast to Janda et al. (2010) , I prefer to analyse as high a share of overall household consumption as possible, and this is made possible by applying the CPI data. In contrast to Dybczak et al. (2010) , I prefer the consistency of using only one complete source for information on prices, namely the CPI.
In the expenditure share equations estimated in QUAIDS I include a time trend and a number of demographic variables to take account of preference variation that may be correlated with resemble a random sample as closely as possible, and with previous uses of the data, such as Dybczak et al. (2010) . 7 This period includes the recent economic crisis, which could influence consumption decisions. I was able to do only a very preliminary analysis of the crisis' influence (also due to data limitations) and I therefore leave the related questions for further research, likely similar to the one by Crossley et al. (2013) for the United Kingdom. 8 Some prices are regulated in the Czech Republic, either nationally (health care fees) or locally (waste disposal service charge) and would therefore arguably require a special treatment, which I however do not provide here due to the complexity of such an exercise and because the share of regulated prices is relatively low. 8 total expenditure or prices in a way that is consistent with the model. Table 1 provides the list of these variables.
I classify the HBS expenditure data according to the VAT rates, reduced and standard, presented in the appendices to the law on VAT as of January 2013. When HBS classification is not detailed enough to allow accurate division according to VAT rate or when some expenditures are exempted from VAT, I assign the HBS expenditures to a group according to the VAT rate. I merge the HBS and the CPI data using the HBS codes and COICOP codes and although these two classifications do not always match perfectly and both of them have undergone revisions over time, no substantial compromises had to be made during the matching process.
In order to estimate QUAIDS, I divided the detailed expenditure items into eight groups. I followed three principles while grouping the expenditure items, and in this I differ from the previously estimated demand systems for the Czech Republic. Firstly, the division should correspond to natural categories as people might think about them, which was essentially the case in Dybczak et al. (2010) . Secondly, the expenditure groups should be similar in size, which is advantageous both for the estimation of the model and for the interpretation of the results. Thirdly and most importantly for my analysis, the expenditure groups should be divided according to VAT rate as far as possible. A number of compromises had to be made when following these three principles, and when considering these, I have given highest priority to the third principle. I calculate the price indices of aggregated commodities as weighted arithmetic averages of the price indices of the individual goods and services making up the aggregated commodity for each year, and then aggregate them for each household to arrive at overall expenditure group-, household-and year-specific price indices. Table 2 provides the names and shares in total expenditures of the eight expenditure groups for the year 2011. A more detailed description can be found in Table 10 and basic summary statistics in Table 11 , in the Appendix. I use this categorisation of expenditures into groups in my estimation.
Estimation
The estimation of QUAIDS is made in two stages and applies the approach of Abramovsky et al. (2012). 9 .
At the first stage of the estimation, the values of and are unknown to me and therefore I approximate as 1 and , using the Stone price index named after (Stone 1954) , as:
9 There are a number of different ways in which to estimate QUAIDS and similar models and it would be desirable to explore these options for the Czech Republic in future research. These options include variations in the expenditures included and excluded in the demand system (such as the exclusion of housing in most demand systems, including this estimation), the number of expenditure groups and division of goods among these groups, whether and how to deal with the outliers, whether to include taste shifters and demographic characteristics, and if so which, what time period and frequency to cover, whether to use unit value prices or other, external prices, and what methods of computing elasticities (using a weighted average, as in this estimation, or a representative or average household) to employ, and whether to use a homogeneous or representative sample of the population.
QUAIDS is linear in parameters conditional upon the price indices and therefore I can and do employ a linear Seemingly Unrelated Regression (SUR) method to estimate the model. Adding up is imposed by excluding the equation for the n th good from the estimated system of equations; the parameters for this equation are calculated using the parameters from the other (n-1) equations and the adding up restrictions (the results are not sensitive to the choice of the nth good). Homogeneity (by expressing all prices relative to the price of the other remaining goods) and symmetry are imposed using linear restrictions on parameters.
The parameters estimated at the first stage are then used to calculate values for and . The model is then re-estimated using the same specification as in the first stage, except that is replaced with and by . The new parameter values are used to update and , and the model is then re-estimated for a third time. This updating of price indices and re-estimation is iterated 8 times, by which time the parameter values have converged to 4 decimal places.
I instrument for expenditure using monetary income because it may be endogenous. I do so using a control function approach as is common in the literature and as applied in Banks et al. (1997) or Abramovsky et al. (2012) . 
Demand system results
This section discusses the results of the estimated demand system. Table 3 below presents the parameter estimates for the QUAIDS and the estimated parameters correspond to the equation number 1 above. The table uses asterisks to indicate the statistical significance of the estimates, which is rather low and I discuss this problem below with regard to elasticities. It is difficult to interpret the parameters of QUAIDS directly and I therefore mainly discuss the elasticities, as is also common in the existing literature. Specifically, I present the estimates of income, own-and cross-price elasticities. I calculate the elasticities for each household individually and I subsequently construct a weighted average, with the weights being equal to the household's share of the total expenditure and to the total sample expenditure for the relevant good, for the income and price elasticities, respectively. Table 4 presents the income elasticities, estimated using the total expenditure variable. For comparison, the table shows also the own-price elasticities, both the Marshallian (uncompensated) and the Hicksian (compensated), which are shown again together with cross-price elasticities shown in tables 5 and 6 below. The sections 8. 2-8.5 in the Appendix include the elasticities formulas used in tables 4 to 6.
Only half of the income elasticities are statistically significant at least at the 10% level. More optimistically, the estimated income elasticities seem reasonable. Other services, which include public services, are a necessity, and the same holds for other goods, although these have an income elasticity of just below 1. Food and energy are both necessities, albeit not statistically significant. So both expenditure groups with the reduced VAT rate -food and other services -are necessities. Eating out, clothing, household goods and transport and recreation all have the income elasticity greater than 1 and are therefore considered luxuries.
The patterns of income elastiticities are relatively comparable to those estimated by Dybczak et al. (2010) . Food and energy are in both cases expenditure groups with the lowest income elasticity and transport with the highest one. Tables 5 and 6 show the Marshallian (uncompensated) and the Hicksian (compensated) price elasticities, respectively. Own-price elasticities are on the diagonal and cross-price elasticities off the diagonal.
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Statistical significance is depicted by asterisks and the elasticities are largely statistically insignificant at the standard levels.
12 11 The tables show elasticities of a good in the column with respect to price changes of the good in the row. For example for Hicksian (compensated) cross-price elasticities, the number of the column corresponds to the and the number of the row to the in the following equation: . An elasticity informs about a percentage change in quantity demanded for a good in row.
Somewhat more optimistically, most Marshallian ownprice elasticities are statistically significant at least at the 10% level and this is one of supporting reasons why I use these for simulations in the next chapter. Fortunately, the confidence intervals of the simulated impacts of tax changes on demand and revenues are relatively narrow despite the low statistical power of the elasticities. The reason is that the restrictions the QUAIDS model imposes on the elasticities causes them to be negatively correlated, which results into lower variance when I combine them in the simulation estimates.
Both tables 5 and 6 show that all own-price elasticities are negative and this observation is in line with basic economic intuition. As far as the own-price elasticity of demands is concerned, food and energy are among the least elastic, whereas other services and goods and transport and recreation are among the most elastic. The patterns of cross-price elasticities and therefore substitution and complementarity seem reasonable. For example, food and eating out are substitutes. Not surprisingly, cross-price elasticities are mostly relatively small and smaller than own-price elasticities.
Despite different definitions of expenditure groups and some differences between the estimated Marshallian and Hicksian elasticities, there is some scope for comparison between these elasticities and those earlier estimated for the Czech Republic by Dybczak et al. (2010) using also the QUAIDS model. Food and other goods are in both cases among the expenditure groups with the lowest own-price elasticity. There is a difference in price elasticities for energy with my very low estimates in contrast with relatively high values by Dybczak et al. (2010) and this might signal the need for further more focused research in energy-related products and related prices. 
Simulation of value added tax reforms
This section applies the demand system results for tax policy simulation. In the case of the Czech Republic, there are a number of recent changes in VAT rates suitable for simulation. The reduced and standard VAT rates were, respectively, 10% and 20% in 2011, the last year for which there is available data. Then in 2012, the rates were 14% and 20% and these were increased by one percentage point to 15% and 21% in 2013. Furthermore, there was another proposal, initially legislated and then postponed during late 2012 until 2016, that in 2013 the two rates would be unified at 17.5%.
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The last available year of data is from 2011, when the VAT rates were 10% and 20%, and therefore I first simulate the expenditures under VAT rates of 14% and 20% that were in place in 2012 and establish that as the status quo. Based on this, I then simulate the outcome in 2013, in order to estimate the changes between 2012 and 2013 and compare these with the unification proposal.
The objective of this simulation is to evaluate the latest reform, namely the increase in both rates by one percentage point in 2013, and compare this with the unification proposal. 14 I use the estimated elasticities to simulate the impacts of VAT reforms on consumer spending patterns and tax revenues. For this I use the Marshallian elasticities. Specifically, I estimate the impact of the implied change in prices for each household and expenditure group individually. Estimates incorporating such behavioural response are then compared to those based on the no-behavioural-response static micro-simulation results. When using the demand system results for these purposes I model changes in VAT rates as changes in the prices of the eight aggregate expenditure groups used in the QUAIDS demand system. Also on the basis of discussion in Dušek & Janský (2012a) I assume that changes in VAT rates are fully reflected in the prices. This assumption is more likely to be fulfilled in the long term rather than the short term, and this should be taken into account when interpreting the results. Table 7 shows simulated estimates of average expenditure shares after the 2012 as well as 2013 -including the earlier proposal -VAT rate changes. Overall, neither the 2012 nor 2013 approved VAT changes have a very substantial impact on spending patterns; the expenditure shares change only in terms of tenths of a per cent. The simulation of the introduction of a uniform 17.5% rate of VAT suggests a larger and more varied impact, which is not surprising due to the fact that this implies a greater change in both rates in terms of percentage points, and the fact that the two rates move in opposite directions. In particular, the share of food, on which reduced VAT rate is currently levied, increases substantially by more than half a percentage point, reflecting its low own-price elasticity of demand, while the share of other goods generally falls. 14 Table 7 . Simulated average expenditure shares after changes in VAT rates (%). Notes: The superscripts R and S denote the VAT rate as the reduced and the standard one, respectively. Table 8 shows estimates of simulated changes in the quantity demanded in terms of percentage of total expenditure for the two VAT rate proposals in 2013. Table 8 includes confidence intervals, which I estimated on the basis of bootstrapped estimates of elasticities. These confidence intervals are relatively narrow, especially for the 2013 realised reform, and generally narrower than the statistical significance of the elasticities would suggest.
I find that increasing both VAT rates by one percentage point to 15% and 21% results into relatively small drops in the quantity demanded, with the extent of the impact mostly corresponding with the income as well as own-price elasticities. For example, the groups that decreased the most -both household goods and transport and recreation, each by around 2% -also have the highest income elasticities and some of the highest own-price elasticities. This pattern also holds vice versa: the groups that decreased the least -both food and energy by 0.4% -also have the lowest income elasticities and lowest own-price elasticities. The estimated impacts for the unification proposal are once again more varied. The overall impact on quantity demand is only slightly negative, with the largest decline of 3.2% for other services and the largest increase of 4.6% for eating out. Table 9 shows simulation results for government revenues corresponding to the VAT rate changes, which are estimated on the basis of the sample of Czech households extrapolated for the whole population of the Czech Republic. These estimates necessarily reflect only the VAT levied on household consumption and, since the impact in other sectors is not taken into account, do not reflect the overall impact on government revenues. Also I do not model any administrative savings or lower tax evasion levels that the unification of rates might bring about.
The first part of Table 9 shows results for the realised proposal (15% and 21%), the second part for the 2013 repealed proposal (unified VAT rate of 17.5%).
In each of two parts of Table 9 , the first column shows the estimated revenues from the reforms using a static micro-simulation, not allowing for any behavioural response and holding the quantity of purchases fixed. This is a similar approach to that used in Dušek & Janský (2012a) , i.e. no results from the QUAIDS model were employed to simulate these impacts. The second column uses the QUAIDS results to allow for spending patterns changing in response to the price changes, similarly to Tables 7 and 8 . The third and fourth columns report their confidence intervals, which I estimated on the basis of bootstrapped estimates of elasticities. The confidence intervals are relatively narrow for most estimates, especially for the 2013 realised reform. This is somewhat more encouraging from the point of view of relevance of this simulation than the low statistical significance of elasticities would suggest.
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The magnitude of difference between the two estimation methods is in line with expectations: allowing for consumer spending patterns to change in response to VAT changes has a relatively large impact on the resulting change in VAT revenues. With the static microsimulation model the estimated impact on VAT revenues is, rounding these figures, 10 billion CZK for the realised proposal (15% and 21%) and -1 billion CZK (Czech crowns) for the 2013 repealed proposal (unified VAT rate of 17.5%). The corresponding estimates using QUAIDS are 7 billion CZK and around zero, i.e. lower in total by almost 3 and around 1 billion CZK, respectively. Nevertheless, as the confidence intervals show, the differences are more important in the case of the 2013 realised reform (15% and 21%) than the 2013 proposed reform (17.5% and 17.5%), where the difference seem not statistically significant.
The estimated tax revenue after allowing for the consumers' behaviour to adjust (in accordance with QUAIDS preferences) is, as expected, lower in magnitude than the estimate using the static micro-simulation methodology that holds fixed the quantity of goods and services purchased. For the realised 2013 proposal -one percentage point increase in both VAT rates -the estimated increases in government revenues that take the consumer responses into account are 28% lower than the estimates with no behavioural response. These differences are important and have policy implications. 16 The 28% difference is higher than the estimates for similar VAT simulation in Mexico presented in Abramovsky et al. (2012) , whose findings imply a difference of only about 7% and 16% for proposed and approved VAT reforms, specifically. The relatively high variation in these estimates suggests a need for further research as to the extent of this difference, which should be, at least before the estimates converge more closely, both country-and reform-specific. These differences show that behavioural responses can be quantitatively important and that they should be considered in order for revenue projections to be more precise. 15 The reason is that the restrictions the QUAIDS model imposes on the elasticities causes them to be negatively correlated, which results into lower variance when I combine them in the simulation estimates. 16 For example, these differences might partly explain the past cases of over-estimation of VAT revenues by the Ministry of Finance of the Czech Republic, and might lead to further future cases. On the pages 12 and 13 of the government budget report for 2013, Ministry of Finance of the Czech Republic (2012), the overall increase (mostly due to one percentage point increase in both VAT rates and an expected increase in consumption) in VAT revenues is estimated at 1.2% and at 9.8 billion CZK for central government, and since around one third of VAT revenues goes to the regional governments, this corresponds to around 14 billion CZK in total. Although my estimates of around 10 and 8.5 billion CZK are limited in the sense that they cover only the VAT revenues raised from household consumption and are therefore not directly comparable with the Ministry's numbers, my expert estimate is that the Ministry's numbers are around the upper bounds of -my -realistic estimates and thatdepending on the presumed growth of household consumption in 2013 -their numbers might be overestimated, possibly partly as a result of failing to properly account for behavioural response. 
Conclusion
In this paper I have employed detailed data from the Czech Statistical Office to estimate a consumer demand model of the quadratic almost ideal system (QUAIDS), derived the ownand cross-price and income elasticities and simulated the impacts of recent VAT reforms in the Czech Republic on households and on government revenues. Accounting for behavioural response yielded substantially different estimates of the impacts of the most recent realised reform on the government revenues. The estimated tax revenue after allowing for behaviour adjustment in line with QUAIDS preferences is substantially lower (as many as 28%) than the estimate using the static micro-simulation methodology that holds fixed the quantity of goods and services purchased. This contributes to the existing simulation of VAT reforms as well as more generally to the quality of evidence-based policy making in the Czech Republic. Specifically, these findings highlight the need for the Ministry of Finance of the Czech Republic to take these behavioural responses rigorously into account, for example, by incorporating the best practice in the form of the QUAIDS model into its own models.
In the course of this research I have identified at least two interesting areas for further research. First, there are a number of ways in which these simulation methods could be improved, such as by including the simulation of the effect of VAT on cross-border trade or by taking into account any administrative savings and lower tax evasion that the unification of rates might result in. More generally, there are a number of different ways in which to estimate QUAIDS and similar models and it would be desirable to explore their options, such as a comparison between the use of prices and unit values in estimation, for the Czech Republic and ideally across countries. Second, when data for 2012 and 2013 are available, it would be enriching to look at the actual behaviour of consumers and to compare that with the estimates of the models presented here.
Svátková, S., 2006. Hlavní problémy pri získávání dat pro analýzu zatížení spotrebního koše danemi ze spotreby v Ceské republice.
Appendix
QUAIDS model
This section provides an overview of the QUAIDS model, essentially as presented in Banks et al. (1997) . The QUAIDS model is based on the following indirect utility 17 Where x is total expenditure, p stands for prices, , , and are defined as:
: where i=1,..., n denotes a good, is the translog price aggregator function, and is defined as the simple Cobb-Douglas price aggregator. Applying Roy's identity to the equation for , I have the following equations for , the share of expenditure on good i in total expenditure for each household:
These budget shares are quadratic in and, as Banks et al. (1997) demonstrate, quadratic in itself. For the resulting demands to be consistent with utility maximisation, the demand system must satisfy four key properties: adding-up; homogeneity; symmetry; and negativity (negative semi-definiteness). Only negativity cannot be imposed, but the estimated Slutsky matrix can be tested to see if it satisfies this criterion. The first three properties can be imposed using linear restrictions on the parameters of the model: I make use of the QUAIDS characteristic to allow for household demographics and other variables such as time trend to affect demands in a fully theoretically consistent manner. Demographics, a time trend and other variables enter as taste-shifters in the share equations, , and, to maintain integrability, are therefore part of terms in :
which gives me the following new adding-up conditions that replace :
Price and total expenditure elasticities are derived and presented in Banks et al. (1997) and I do so in the following subsections.
Income elasticities
First, I derive the total expenditure, or income, elasticity. I differentiate the share equation with respect to to obtain I know that The uncompensated price elasticity, both cross and own, could be written as where is the Kronecker delta (a value of 1 if the variables are equal, and 0 otherwise).
I use the Slutsky equation, , to calculate the set of compensated (Hicksian) elasticities, . 
A detailed definition of expenditure groups
